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Abstract
To fulfill people’s comfort requirements in built environment, the temperature T, relative humidity φ and the
concentration ci of pollutants in indoor air tend to be controlled by air handling system. Mixing of air of different
states is inevitable in such systems. Although the irreversible loss due to the mixing processes lead to more energy
consumption, it has not been identified and analysed well up to now. In this paper, a preliminary thermodynamics
analysis of mixing loss for air handling process in indoor environment is presented. As illustrative example, energy
consumptions of two different air handling processes (mixed and separated) are analysed and compared. The results
indicate that it is better to handle the air independently because of respective higher COP of chiller for such process.
This work is helpful for optimization of the design of air handling systems.
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1. Introduction
Building energy consumption accounts for nearly 30% of total energy consumption today [1]. Heating,
Ventilation and Air Conditioning (HVAC) energy consumption account for about 60% of building energy
consumption [2]. Traditional air conditioning system may have some problems in terms of that a part of
energy consumption comes from the mixing of air in different states. One obvious problem is the mixing
loss [3]. In this paper, a simplified mixing model of indoor air of different temperatures is built from the
perspective of thermodynamics. And taking air conditioning system in summer as an illustrative example,
energy consumptions of two different air handling processes (mixed and separate) are analysed and
compared. The objective is to clarify the mixing loss in air handling process, which is important for
HVAC system design optimization.
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2. Thermodynamic Model and Analysis
Fig.1 shows the schematic diagram of mixing process of different states of air. m, T and p represent the
mass flow rate (kg/h), temperature (K) and pressure (Pa) of air, respectively. The subscripts 1 and 2
represent the air of two different states. The subscript 3 represents the air after mixing and subscript 0
represents the air which will be supplied into the room. By the law of conservation of mass, m3=m1+m2. It
is assumed that the mixing process is an adiabatic process and there is no heat transfer with the
surroundings. For ordinary air conditioning system, air undergoes the process under atmospheric pressure.
So the air pressure of each state remains constant (p).
Fig.1 Schematic diagram of mixing process
From the perspective of thermodynamics, the difference between the two air handling processes
(mixed and separate) is compared in terms of entropy generation.
Because the mixing process is adiabatic, then:
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where,S is entropy generation of the process and cp is the specific heat capacity of ideal gas.
It is obvious that the entropy generation of two handling processesmixed and separateare equal,
because for two handling ways, both the initial statesm1, T1, p; m2, T2, pand the final stateT0, p
are the same.
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3. Illustrative Example
For a real air conditioning system, a chiller must consume some power to refrigerate the air. It is
assumed that the COP of the chiller can be expressed by
ac
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TT
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
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(4)
where μ is the thermodynamic perfectness of the refrigeration cycle, Ta and TC are temperatures of air
needed to be handled and condensation respectively. Thermodynamic perfectness denotes the difference
between real refrigeration cycle and ideal one working under the same temperatures. TC=tC+273 K,
Ta=ta+273 K. When tC=40, ta=26, from Eq.(4), it can be obtained that μ=0.234. Suppose that μ keeps
constant and the COP changes with changing Ta.
In an air conditioning system, the mass flow rate of outdoor air is 2103 kg/h, while that of return air
is 104 kg/h, it is needed to calculate the energy consumption of two handling ways (separate and mixed).
Temperatures of outdoor and return air are 35 and 26 respectively. According to the energy balance
equation, the temperature t3 after the mixing of outdoor and return air is 27.5. By Eq. (4), it can be
obtained that COP35=14.4, COP27.5=5.6, COP26=5, when the temperatures of air needed to be handled are
35, 27.5 and 26.
The energy consumption can be expressed by
COP
tmc
E

 p
(5)
By using Eq. (5), we can easily get that E1=228 MJ/h, E2=245 MJ/h. E1 and E2 represent the energy
consumption of two different air handling processes (separate and mixed). To conclude, it is better to
handle air separately, because COP does not change linearly with the change of temperature Ta.
Energy saving ratio is defined as:
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2
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E
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As mentioned in the actual case, the energy saving ratio is 7.04%.
Fig.2 Relationship of COP changing Fig.3 Relationship of energy saving
with the temperature of air ratio and the mass flow rate
needed to be handled ta ratio of outdoor air to return air
In Fig.2, condensation temperatures are tC1=40, tC2=45, tC3=50 respectively. From the curves, it
is seen that COP does not change linearly with the change of ta. When different condensation
temperatures tC are given, the relationship between COP and ta is different. But concavity and convexity
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(trends of the curves) are the same. Comparatively speaking, when tC=40, COP increases the fastest.
When ta gets closer to the condensation temperature, COP grows faster. In theory, once ta reaches the
condensation temperature tC, COP becomes infinite.
Fig.3 shows the relationship between energy saving ratio and the mass flow rate ratio of outdoor air to
return one. As the ratio of outdoor air to return one increases, the energy saving ratio increases first and
then decreases. Moreover, when the mass flow rate ratio equals 1, the temperature after mixing reaches
the average temperature. The difference between average COP of separate handling and the actual COP
under the same temperature nearly reaches the maximum. In this case, the energy saving ratio reaches the
highest value 14.4%. It is clear that the energy saving ratio is always positive, denoting that it is better to
handling air independently.
4. Conclusions
(1)There is no difference between the two handling processes (mixed and separate) from the
perspective of thermodynamics because the initial and final states are the same.
(2)Energy saving ratio is positive no matter how much the mass flow rate ratio of outdoor air to return
air is. It indicates that handling air separately can save energy because of respective higher COP of chiller
for such process.
(3)When the mass flow rate ratio of outdoor air to return air equals 1, the energy saving ratio reaches
the maximal value.
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